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Plot of C-O distance versus Fe-C distance for 2 compared with iron carbonyl complexes in the CSD featuring Fe···CO semi-bridging interactions similar to those in 2
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Top-down view of the solid state structure of (FeCO) 2 Fe(μ 3 -H)L (2) showing the minor occupied site for Fe1
S22
Figure S19
4.8 K Mössbauer spectra of 2 measured in different parallel applied magnetic fields
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Simulation parameters for the Mössbauer spectrum of 2 measured under zero applied field at 80 K
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Selected bond distances and angles of Fe 3 H 3 L (1) and Fe 3 F 3 L (3) and comparison with other iron β-diketiminates
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Crystal data and structure refinement for 2 S26 Table S4 Crystal data and structure refinement for 3 S27 References S28 3 . Protio impurities from the NMR solvent are marked with asterisks in the spectra. Solution magnetic susceptibilities were determined by the Evans method 1 . Infrared spectra were recorded in a nitrogen-filled glovebox as solids on a Bruker Alpha FTIR with an ATR diamond crystal stage using the Opus 7.0 software package or on a Cary 630 1B FTIR with an ATR diamond crystal using the Agilent Microlab software package. EPR samples were loaded in quartz tubes (4 x 5mm i.d. x o.d.) in an Ar-filled glovebox and sealed with gas-tight screw caps. EPR spectra were collected on a Bruker ELEXSYS E500 spectrometer fitted with a Bruker DM4116 dual-mode resonator, and temperature was maintained using an Oxford Instruments ESR900 continuous flow helium cryostat fitted with a Lakeshore Cryotronics Cernox sensor and monitored with a Lakeshore Model 336 Temperature Controller. Samples for UV/visible spectroscopy were prepared under an Ar atmosphere using air-free anhydrous THF, transferred to air-tight cuvettes (Starna Cells, Atascadero, CA, USA), and spectra recorded using an Agilent Cary 50 spectrophotometer. Mössbauer samples were ground, placed in Delrin sample containers, and sealed with screw caps in an Ar-filled glovebox. Mössbauer spectra were measured either on a low-field Mössbauer spectrometer equipped with a closed-cycle SHI-850-5 cryostat from Janis and SHI or an Oxford Instruments Spectromag 4000 cryostat containing an 8T split-pair superconducting magnet. Both spectrometers were operated in constant acceleration mode in transmission geometry. The isomer shifts are referenced against a room temperature metallic iron foil, and analysis of the data was performed using the program WMOSS (WEB research). Searches of the Cambridge Structure Database (CSD) were performed with Cambridge Crystallographic Data Center ConQuest software package using CSD version 5.37 Update 2 (Feb 2016). Significant outliers from the plots of the data generated were manually inspected and removed in cases of disorder. Tetrahydrofuran (THF), toluene, benzene, pentane, and dichloromethane were purified using either a Glass-Contour or Innovative Technologies solvent purification system and stored over 3 Å molecular sieves prior to use. The water content of each solvent was measured using a Mettler Toledo C20 Coulometric Karl Fischer Titrator prior to use and was below 1 ppm in all cases. Celite and 3 Å molecular sieves were dried at 220 °C under vacuum overnight. Fe 3 H 3 L (1) 2 and LiBEt 3 D 3 were prepared according to previous reports. CO (UHP grade, 99.9%) and H 2 (UHP grade, 99.999%) were purchased from Airgas, Inc. and purified by passage through two cold traps (LN 2 /i-PrOH).
13 CO was purchased from Sigma-Aldrich and used as received. Deuterated solvents were purchased from Sigma-Aldrich or Cambridge Isotope Laboratories, dried using standard methods, and stored over 3 Å molecular sieves. All other reagents were purchased from Sigma-Aldrich and used without further purification. , a Tefloncoated stir bar, and THF (65 mL). The solution was degassed by the freeze-pump-thaw method, then exposed to a slow flow of CO for 5 minutes with stirring. The flask was closed and the reaction was stirred for 2 hours, with a color change from dark red-orange to very dark yellow-green occurring over the first 20 minutes. After this time the reaction was evaporated and the residue was dissolved in boiling THF (65 mL). Cooling the solution to -35 o C yielded dark yellow-green crystals (342.3 mg, 0.375 mmol, 69 %) after 2 d. Integration of the 1 H NMR signal of the crude reaction product relative to an internal naphthalene standard indicates that the product forms in quantitative spectroscopic yield, such that the recrystallization step can be omitted without substantially affecting the purity. X-ray quality crystals were obtained by slow evaporation of a saturated THF solution in the presence of benzene. 
Fe 3 F 3 L (3).
A scintillation vial was charged with Fe 3 H 3 L (60.0 mg, 0.0699 mmol), a Teflon-coated stir bar, and toluene (17 mL), followed by BF 3 •OEt 2 (9.06 µL, 0.0734 mmol). The vial was then sealed with a Teflon-lined cap and stirred at ambient temperature. The red suspension progressively converted to a bright yellow solution. After 1.5 h, the reaction was passed through a toluene-rinsed celite plug and the resulting solution was evaporated. The bright yellow residue was then dissolved in boiling benzene (4 mL). Cooling the solution to ambient temperature yielded a bright yellow powder (36.4 mg, 0.0399 mmol, 57% yield) after 2 d. Integration of the 1 H NMR signal of the crude reaction product relative to an internal naphthalene standard indicates that the product forms in quantitative spectroscopic yield, such that the recrystallization step can be omitted without substantially affecting the purity. X-ray quality crystals were obtained by slow evaporation of a saturated dichloromethane solution in the presence of pentane. 
X-ray crystallography.
(FeCO) 2 Fe(μ 3 -H)L (2). X-Ray Intensity data were collected at 100 K on a Bruker DUO diffractometer using MoKα radiation (λ = 0.71073 Å) and an APEXII CCD area detector.
Raw data frames were read by program SAINT 4 and integrated using 3D profiling algorithms. The resulting data were reduced to produce hkl reflections and their intensities and estimated standard deviations. The data were corrected for Lorentz and polarization effects and numerical absorption corrections were applied based on indexed and measured faces.
The structure was solved and refined in SHELXTL2014 5, using full-matrix least-squares refinement. The non-H atoms were refined with anisotropic thermal parameters and all of the H atoms were calculated in idealized positions and refined riding on their parent atoms. The asymmetric unit consists of the Fe3 complex, one benzene molecule in general position and two half benzene molecules (with each located on an inversion center). Thus, the ratio of complex-to-solvent is 1-to-2. In the core of the complex, there are three Fe centers with one of them, Fe1 disordered over three positions and is refined in these three positions namely Fe1, Fe1' and Fe1". Fe1' and Fe1" are present only in trace amounts. Their site occupation factors, refined in the early stages of refinement, were fixed at 3.5% and 2.5% for Fe1' and Fe1", respectively. The three Fe centers are connected by two CO ligands and a hydride ligand. The hydride refined with negative displacement parameter indicating that there is more than 1 electron density in the position. The proton, H1, which is refined at 96% occupancy, is sharing the same position with traces of a hydroxyl oxygen, O1, of 4%. The proton of the 4% O1 hydroxyl ligand was not included in the final refinement model. Ligands H1/O1 link the Fe2 and Fe3 centers while the Fe1 is linked to Fe2 by C2'-O2, and to Fe3 by C3'-O3. There are no other disorders in the structure. In the final cycle of refinement, 12038 reflections (of which 9908 are observed with I > 2σ(I)) were used to refine 655 parameters and the resulting R 1 , wR 2 and S (goodness of fit) were 3.04%, 8.20% and 1.085, respectively. The refinement was carried out by minimizing the wR 2 function using F 2 rather than F values. R 1 is calculated to provide a reference to the conventional R value but its function is not minimized. Fe 3 F 3 L (3). A brown crystal was mounted on a Cryo-Loop with Paratone-N. Data were collected on a Bruker Ultra diffractometer equipped with a rotating-anode source and micro-focus optics at 100K. All aspects of the data collection and subsequent processing of the data employed standard practices using software contained in the ApexIII and Olex2 libraries of programs. The diffuse contributions of unidentified solvent totaling 108e -/unit cell in four equal voids were removed using the SQUEEZE routine in the Platon library of programs. ADDSYM, also part of the Platon library, confirmed that space-group assignment. 
